s When an intense but task-irrelevant "accessory" stimulus accompanies the imperative stimulus in a choice reaction task, reaction times (RTs) are facilitated. In a similar previous study (Hackley & Valle-Inclán, 1998) , we showed that this effect is not due to a reduction of the interval from onset of the lateralized readiness potential (LRP) until movement onset. In the present study, the RT task was modiªed to move a portion of the response selection stage into this time interval. The interval remained invariant, indicating that this late phase of the response selection process is not speeded by accessory stimulation. However, we observed amplitude modulation of the LRP on no-go trials in a condition with three alternative responses. This ªnding suggests that an earlier phase of response selection is inºuenced by accessory stimulation. In addition, a novel dependent measure was introduced to event-related potential research-the latency of spontaneous, posttrial blinking. s
INTRODUCTION
According to the most popular accounts, the facilitation of voluntary reaction time (RT) by a task-irrelevant stimulus in another modality is due, at least in part, to a brief surge in arousal (Bertelson & Tisseyre, 1969; Posner, Klein, Summers, & Buggie, 1973; Sanders, 1980) . A nonspeciªc arousal ("alerting") process is assumed because the speeding of RT by a neutral warning signal or accessory stimulus is nonselective with respect to modality or spatial position (Fernandez-Duque & Posner, 1997) . (Following Welch and Warren, 1986 , we use the term accessory rather than warning when the stimulus onset asynchrony is less than 500 msec.)
Consistent with an immediate arousal interpretation for the RT effect, pharmacological studies have implicated a diffusely projecting, noradrenergic pathway (Carli, Robbins, Evenden, & Everitt, 1983; Witte & Marrocco, 1997 ). In the case of auditory accessory effects on the masseteric H-reºex, the facilitation has been traced to a speciªc noradrenergic, neuromodulatory circuit in the brain stem (Stafford & Jacobs, 1990) . However, direct comparisons of accessory effects on voluntary reactions versus eye-blink reºexes (Low, Larson, Burke, & Hackley, 1996) and evoked saccades (Hughes, ReuterLorenz, Nozawa, & Fendrich, 1994 , experiment 3) suggest that the exact mechanisms may differ across various types of motor responses.
Locus of the Effect
For choice RT, it has not yet been determined which information-processing stage beneªts from accessoryinduced alerting. Both behavioral and neurophysiological evidence (Frens, van Opstal, & van der Willigen, 1995; Stein, London, Wilkinson, & Price, 1996; Stein, Wallace, & Meredith, 1995) support the assumption that an auditory accessory stimulus might directly facilitate sensory analyses of the visual reaction stimulus (i.e., the energy integration hypothesis; Bernstein, Rose, & Ashe, 1970) . However, Posner (1978) has argued against this interpretation on the grounds that accessory stimulation generally reduces, rather than improves, response accuracy. Furthermore, high-intensity accessory stimuli have quite different effects on response latency in choice and go/no-go tasks, despite the similar sensory-perceptual demands (van der Molen & Keuss, 1979) . Under Posner's model, sensory evidence regarding the identity of the reaction stimulus builds up at a constant rate regardless of arousal level. The effect, then, of increased arousal is to cause some unspeciªed central mechanism to respond more quickly but on the basis of less evidence. Thus, voluntary keypress reactions are speeded but at a cost of increased errors.
A third possibility, proposed by Sanders (1980) , is that motor processes are speeded by arousal. Consistent with this hypothesis, Sanders observed that the effect of tonic muscle tension on RT interacts with that of accessory stimulus presence versus absence. Under Sanders' model, arousal is said to reduce the distance to the response threshold and, apparently, to bypass the stages of stimulus identiªcation and response selection (Sanders, 1980, p. 346; Sanders & Andriessen, 1978) .
We have recently reported electrophysiological evidence that refutes some of the assumptions of Sanders' model (Hackley & Valle-Inclán, 1998) . Using the lateralized readiness potential (LRP, described below) as a temporal landmark, we partitioned mean RT into two time segments. The ªrst included the time required to perceive the visual reaction stimulus and to decide which hand to react with; the second comprised only motor processes. The presence of an acoustic accessory stimulus speeded the ªrst interval but had no effect on the second. This constitutes direct evidence against the assumption that alerting speeds a motor stage or, at least, any motor process late enough to occur after the onset of the LRP (at about 300 msec prior to the keypress response, in our study).
Additional analyses indicated that facilitation of the time interval from stimulus onset until LRP onset was obtained even on those trials in which the reaction stimulus was correctly identiªed (not just guessed) and the response was correctly chosen. Consequently, it seems clear that RT facilitation was not due to any bypassing of the stimulus identiªcation and response selection stages, as would be assumed under Sanders' (1980) model. Nonetheless, it might still be the case that one or both of these decision-level stages (stimulus identiªcation and response selection) constitute the locus of the accessory stimulus effect. The obligatory speed-accuracy trade-off that is fundamental to Posner's (1978) model is certainly consistent with the common-sense assumption that hasty decisions are prone to error. Furthermore, various effects that are attributable to immediate arousal have sometimes been found to interact with decision-level effects, such as S-R compatibility (e.g., Sanders & Andriessen, 1978; but cf. Posner et al., 1973) and task complexity (i.e., simple versus go/no-go versus choice RT; van der Molen & Keuss, 1979) .
The purpose of the present experiment was to test the hypothesis that immediate arousal speeds decision making. More speciªcally, we used psychophysiological measures to assess whether an isolable portion of the response selection stage can be speeded by intense, irrelevant stimulation in another modality. The most important of these measures was the LRP.
Lateralized Readiness Potential
The LRP is deªned as an asymmetry in the premovement negativity that is recorded at scalp sites overlying the left and right sensorimotor (rolandic) cortex. As the response is prepared and executed, amplitude of the negativity is less at the electrode on the same side as the responding hand, as compared to the contralateral side. The ipsilateral waveform is subtracted from the contralateral waveform, and then the resulting difference potentials are combined across left-and right-hand response trials. This two-step procedure should remove all sensory, cognitive, and nonlateralized motor potentials (Coles, 1989) , so long as the corresponding stimuli are not themselves lateralized (Valle-Inclán, 1996) . The LRP is generated to a large extent by the rolandic cortex (Bötzel, Plendl, Paulus, & Scherg, 1993; Okada, Williamson, & Kaufman, 1982) . In functional terms, this component reºects moment-by-moment variations in the preferential activation of the response associated with the hand or foot on one side as compared with the contralateral response (reviewed in Coles, 1989; Miller & Hackley, 1992) .
During signal averaging, the electroencephalographic (EEG) epochs can be synchronized either with respect to the onset of the reaction stimulus or the movement. The separate computation of stimulus-locked and response-locked LRPs is useful for measuring, respectively, the stimulus-to-LRP and LRP-to-movement time intervals. As noted above, we have previously shown that accessory stimulation does not inºuence the duration of the LRP-to-movement interval (Hackley & Valle-Inclán, 1998) .
The interval from LRP onset until movement onset is of special importance to the present study, so it is worth considering which manipulations can affect it and, also, which can affect the amplitude of the LRP itself. The complexity of the planned response inºuences the LRPto-movement interval (Osman, Moore, & Ulrich, 1995) , as does response probability (Miller, 1998) . Similarly, this interval is vulnerable to the contextual interference produced by competing responses within the same hand . If the subject changes his or her mind after the LRP has begun, the response can still be canceled (reºected by a no-go LRP: de Jong, Coles, Logan, & Gratton, 1996; Miller & Hackley, 1992; Osman, Bashore, Coles, Donchin, & Meyer, 1992) . A decision change after LRP onset can also result in the opposite response being released (reºected by an abrupt reversal of LRP polarity: Gratton, Coles, Sirevaag, Eriksen, & Donchin, 1988; Valle-Inclán & Redondo, 1998) . Because the amplitude of lateralization is determined by the complexity of the planned response (Hackley & Miller, 1995) but not by its planned force (Leuthold, Sommer, & Ulrich, 1996) , the LRP presumably reºects an abstract, higherlevel, motor code.
Experimental Rationale
As discussed above, we previously showed that accessory stimulation does not affect the duration of the LRP-to-movement interval (Hackley & Valle-Inclán, 1998) . Using a similar experimental task, we contrived in the present study to move a portion of the response selection process-a large portion-into this time interval. If the presence of the accessory stimulus now shortens the interval, we would be entitled to infer that this particular phase of the decision-making process is speeded.
A variant of the Choice/No-go LRP paradigm was used (Miller & Hackley, 1992; Osman et al., 1992) . Subjects responded with a speeded keypress to a colored letter that was presented at ªxation. The identity of the letter, S or T, determined which hand to use if a response was required. There were ªve equiprobable colors, one of which always indicated that the subject should not respond. In the nine-choice condition, the other four colors were eached mapped to a different ªnger (eight ªngers + no-go = nine response alternatives). In the three-choice condition, the four go colors were all mapped to a single ªnger (which was counterbalanced across groups). As an example, for one of the 32 subjects, S and T indicated a left-and right-hand response, respectively. Violet was the no-go color (p = 0.20) and, in the three-choice condition, blue, yellow, green, or red indicated the ring ªnger (many-to-one mapping). On half of the trials, an intense but nonstartling tone was presented concurrently with the reaction stimulus, at an 83-msec lead time.
Converging results from three studies-one involving choice RT (Miller, 1982, p. 282) , one using backward recognition masking (Miller & Hackley, 1992 , experiment 1), and one employing transcranial magnetic stimulation (Amassian et al., 1989 )-suggest that subjects can distinguish a clearly displayed S from a T in under 75 msec. Because this easy discrimination is so rapid, subjects are able to choose the responding hand and begin motor preparation even before they have ªnished analyzing all of the other attributes of the stimulus (Band & Miller, 1997; Hackley & Valle-Inclán, 1998; Miller, Coles, & Chakraborty, 1996; Miller & Hackley, 1992) .
We do not know how long it takes to distinguish the ªve colors used in the present study or how much time is required to choose the correct ªnger to react with. However, extensive prior research (e.g., Alegria & Bertelson, 1970; ) is consistent with the assumption that some aspect of this decision process should take longer with nine than with three alternatives.
The ªrst such study in this tradition is of direct relevance. In a carefully designed experiment at Wundt's lab, Merkel (1885) manipulated the number of response alternatives in a task for which subjects (N = 10) made speeded keypress responses to Roman numerals I to V with the digits of the left hand and to Arabic numerals 1 to 5 with those of the right hand. Using Donders' (1868/1969) subtraction method, Merkel compared go/no-go and choice reaction tasks to isolate the contribution of the response selection stage to variations in RT across conditions. As the number of response alternatives was increased, the estimated duration of the response selection stage grew in a negatively accelerating manner from 98 msec (for the two-choice task) to 401 msec (for the ten-choice task). With Merkel's experimental design, the number of response alternatives was confounded with the number of stimulus alternatives. However, subsequent research has shown that the number of stimulus alternatives has little or no effect when well-learned categories such as numerals are employed (Brainard, Irby, Fitts, & Alluisi, 1962) . Consistent with this more recent ªnding, Merkel observed no effect of the number of stimuli on the time required for perceptual discrimination, which was estimated by the difference between mean RT for the go/no-go and simple reaction tasks.
In the present study, it was assumed that ªnger selection takes place after subjects have perceived the identity of the letter and have decided which hand to use. To the extent that either color discrimination or ªnger selection extends past the point of LRP onset, it was expected that the duration of the LRP-to-movement interval would be greater in the nine-choice than in the three-choice condition. If so, the assumption would be supported that a portion of the response selection stage had been displaced into that interval. Regardless of whether the displacement is caused by a lengthening of the color identiªcation or ªnger selection process (this might vary with task strategy), our planned test of alerting effects on a late portion of the response selection stage would be justiªed.
RESULTS AND DISCUSSION
We begin this section with an evaluation of the validity of the two manipulations, number of response alternatives and presence versus absence of accessory stimulation. Next, we describe data suggesting that different strategies were employed in the three-and nine-choice conditions. Finally, we examine stimulus-and responselocked LRPs to answer the question that motivated this experiment.
Manipulation Checks
As shown in Figure 1 , both manipulations inºuenced task performance as predicted. Collapsing across the three-and nine-choice conditions, accessory stimulation speeded voluntary keypress latency on go trials by a mean of 34 msec; F(1, 31) = 55.2, p < 0.0001. Similarly, the signal averaged electromyogram (EMG) reached 50% of peak amplitude 18 msec earlier on accessory than on control trials, t(31) = 2.1, p < 0.02 (see Figure 2) .
Introspective reports from 31 participants were consistent with the assumption that the accessory effect involved a momentary surge in arousal. A postexperimental questionnaire asked subjects to rate their average level of arousal on a seven-point scale (1 = minimum, 7 = maximum). For those trials on which a tone was presented, the mean value was 5.5, whereas, for trials without a tone, the reported level averaged 4.3; F(1, 30) = 19.5, p < 0.0001.
The manipulation of the number of response alternatives exerted a powerful effect on RT. Averaging across accessory and control trials, keypress responses were 391 msec faster in the three-choice than in the ninechoice condition; F(1, 31) = 293.2, p < 0.0001. The corresponding effect on signal-averaged EMG was 186 msec at the half-amplitude point; t(31) = 11.4, p < 0.005. Errors were more frequent in the nine-than in the three-choice condition for go trials (F(1, 31) = 9.0, p < 0.005, see Figure 1 ), due to the greater opportunity for wrong-ªnger responses in the nine-choice condition. For no-go trials, by contrast, errors were more common in the three-than in the nine-choice condition, F(1, 31) = 59.2, p < 0.0001. As discussed below, this reversal may be related to differences in strategy between the threeand nine-choice conditions. The percentage of no-go errors in the three-choice condition was 7.0 and 8.5% for the accessory and control trials, respectively; corresponding values in the nine-choice condition were 0 and 0.1%. Figure 2 , number of response alternatives also had a strong effect on the slope of the leading edge of the LRP. Although the stimulus-locked LRP began at about the same time in both conditions, it rose to 50% of peak amplitude 152 msec earlier in the three-than in the nine-choice condition; t(31) = 8.0, p < 0.005. Predictably, the reverse was true when the latency of motor cortex activity was measured with respect to movement onset rather than stimulus onset: The response-locked LRP reached the 50% point 102 msec earlier in the nine-than in the three-choice condition; t(31) = 8.4, p < 0.005.
As shown in
The LRP and RT results are consistent with the model described earlier (cf. Miller, 1988; Miller & Hackley, 1992) . Subjects rapidly identiªed the letter, decided which hand was relevant, and then initiated preliminary response preparation. This initial phase of response preparation was reºected in an LRP that began at about the same time in both the three-and the nine-choice conditions. When perception of letter color ªnished, subjects then began the second phase of response selection and preparation. In this phase, the participants determined whether the letter was a no-go color or go color. In the latter case, they chose which ªnger to use. This second phase of the response selection and response preparation process presumably took longer in the nine-choice condition, resulting in a prolongation of the time from onset until peak of the LRP. These data conªrm that both manipulations yielded the intended behavioral effects: Responses were faster in the three-than in the nine-choice condition, and on trials with an accessory stimulus as compared to control trials on which only the visual imperative stimulus was presented.
Strategy Differences
Although the RT and LRP data conformed to our model, introspective reports from some participants and the error data suggested that differences in strategy across conditions may have contributed to the observed pattern of results. Based on these comments and on our own experiences in performing the task, we suspect that some subjects may have allocated fewer perceptual resources to color analysis in the three-than in the ninechoice task. In the three-choice task, they may have selectively monitored for the no-go color (ignoring the other four colors) and used it as a stop signal. This stop-signal strategy actually led to a higher rate of errors on no-go trials in the three-choice task than in the presumably more difªcult nine-choice task.
The spontaneous eyeblink data shown at the bottom of Figures 2 and 3 are relevant to this interpretation. Although the precise cognitive correlates have not yet been worked out, it seems clear that the onset of the ªrst spontaneous posttrial blink can serve as a marker for the point in time at which the subject considers the trial to be ªnished (Sollers & Hackley, 1997; Stern, Walrath, & Goldstein, 1984) .
1 On go trials, the keypress response concludes the trial and, as shown in the right panel of Figure 2 , the blink was then emitted at a brief delay. Because the response was executed more quickly in the three-than in the nine-choice condition, the posttrial blink also began more rapidly, as shown in the stimulus-locked averages of the left panel; t(31) = 10.9, p < 0.005.
On no-go trials, however, the opposite pattern was observed (Figure 3) . Posttrial eyeblinks were spontaneously emitted 47 msec earlier in the nine-than in the three-choice condition; t(31) = 3.7, p < 0.001. These trials are over as soon as the subject has correctly recognized the no-go color and decided not to respond. Under the present hypothesis, subjects tended to allocate more attentional resources to color in the nine-than in the three-choice condition. Consequently, they perceived the no-go color more quickly and, ultimately, emitted a posttrial blink at a shorter latency.
The no-go LRPs, shown in Figure 3 , also support this hypothesis. A brief but robust LRP was observed on no-go trials in the three-choice condition. Following the logic of Miller and Hackley (1992; see also Osman et al., 1992) , we assume that preliminary output from the perceptual system regarding letter shape allowed subjects to begin preparing the designated hand. Then, when the no-go color was transmitted from the perceptual system, hand-speciªc motor preparation was aborted. By contrast, hardly any no-go LRP was observed in the ninechoice condition. Because subjects allocated more attentional resources to color, they could perceive the no-go color almost as rapidly as the shape of the letter. This color was presumably transmitted from the perceptual system before any appreciable hand-speciªc motor preparation could develop. In the absence of any motor preparation to abort, no-go errors were understandably rare in this condition.
Confronted with this evidence for differences in strategy across the two experimental conditions, we chose Figure 2 . Grand average waveforms for the LRP, forearm EMG, and spontaneous eyeblinks recorded with vertical electrooculograms (VEOG) on go trials. These waveforms are computed with averaging synchronized to visual stimulus onset (left column) and to keypress onset (right column). As shown in the left column, responses were faster when the reaction stimulus was accompanied by a task-irrelevant stimulus in another modality (solid lines) than on control trials (dashed lines). Also, the stimulus-locked responses were faster during trial blocks for which the subject chose from among three than from among nine possible responses (heavy versus light lines).
not to directly compare accessory stimulation effects between the three-and nine-choice conditions. It would not be appropriate, for example, to subtract the threechoice RT from the nine-choice RT to estimate the increased duration of the response selection stage in the latter condition and then to assess alerting effects on that interval. Instead, we analyzed the three-and ninechoice conditions separately, with independent tests of the effects of accessory stimulation on the LRP in each case.
LRP on Go Trials
If accessory-induced alerting speeds the ªnger-selection process, the time interval extending from onset of the LRP until onset of the keypress response should be shortened. As shown by the closely overlapping dashed and solid lines in the right column of Figure 2 , this was not the case. Analysis of the stimulus-locked waveforms (left column) indicates, instead, that the locus of the stage facilitated by alerting was prior to LRP onset.
Despite differing demands on the response-selection stage, the effect was quantitatively identical in the two conditions. In both the three-and nine-choice blocks, the accessory stimulus effect at the half-amplitude point averaged 36 msec; t(31) = 2.89 and 2.07, p < 0.02 and 0.05, respectively. In independent 2 × 2 analyses with factors of accessory stimulus presence and number of response alternatives, no interaction of these variables was observed for stimulus-locked LRP latency, responselocked LRP latency, EMG latency, keypress latency, spontaneous blink latency, or response accuracy. The parallel effects shown in the left column of Figure 2 for stimulus-locked LRP, EMG, and eyeblink waveforms suggest that accessory stimulation facilitated some early stage and then this effect was passed downstream with little further variation.
Conclusions Based on No-go LRPs
The no-go LRPs shown in Figure 3 may offer a clue as to the identity of this early, facilitated stage. In addition to latency facilitation of the no-go LRP (t(31) = 1.9, p < 0.05, in the three-choice condition), it seems clear that the amplitude of these waveforms was augmented by accessory stimulation. To conªrm this effect statistically, we computed t tests at consecutive 100-msec epochs in the three-choice condition (a no-go LRP was not obtained in the nine-choice condition), comparing the amplitude of the LRP on accessory and control trials. From 200 msec until the end of the recording epoch, the amplitude was greater on accessory trials; t(31) = 1.8 to 5.7, p < 0.05 to 0.005. Comparable results were obtained at the frontal electrode sites in this experiment and, also, at frontal sites in our earlier study, which also used a three-choice task (Hackley & Valle-Inclán, 1998 ).
If an isolated ERP component is modulated in amplitude, it seems unlikely that the explanation could lie in the mere speeding or slowing of some earlier information processing stage. However, the reverse could be true. An amplitude effect at one stage could cause a latency effect at subsequent stages (Meyer, Osman, Irwin, & Yantis, 1988) . If the neural activity that generates the leading edge of the LRP were facilitated, subsequent processes that are contingent on that activity might be able to commence sooner. Under this interpretation, a portion of the latency effect that was observed for the stimulus-locked LRP was actually due to potentiation of the amplitude of the initial portion of the LRP. On no-go trials, only this initial phase was recorded, thereby yielding a signiªcant accessory stimulus effect on LRP amplitude.
Consistent with this interpretation, previous research has shown that the accessory stimulus effect on the photic eyeblink reºex is associated with amplitude modulation of the early phase of EMG activity (Low et al., 1996) . The initial EMG activity (R50) in the agonist muscle is enhanced, whereas the subsequent burst of action potentials (R80) is reduced in size. This forward shift in EMG energy from the R80 to the R50 component presumably contributes to the more rapid descent of the eyelid when the reºexogenic light ºash is accompanied by an acoustic accessory stimulus. (The point here is to show the plausibility of our interpretation of the no-go and go LRP data; we do not mean to imply that the mechanisms underlying facilitation of voluntary and reºexive reactions by accessory stimulation are identical; discussed in Low et al., 1996; Hughes et al., 1994; Miller, Franz, & Ulrich, submitted; and Ulrich & Mattes, 1996.) There is evidence that the neural generators of the no-go LRP and of the leading edge of the go LRP may differ from those of the late phase of the go LRP. The late phase of the go LRP is larger and more tightly responselocked than is the early phase (Hackley & Miller, 1995) . Also, the late phase is more ballistic (Ilan & Miller, 1998; Osman & Moore, 1993) . Furthermore, the relative contributions of distinct populations of neurons in the primary motor cortex may differ for the no-go LRP and the late phase of the go LRP (Miller, Riehle, & Requin, 1992) . Surprisingly, there are cells in M1 whose activity is more tightly time-locked to stimulus onset than to response onset. It is this population of M1 neurons that may contribute disproportionately to the no-go LRP ; and see Kalaska & Crammond, 1995 , regarding the involvement of premotor cortex).
It may be the case that these stimulus-locked neurons within the motor cortex are involved in the stimulus-response translation process. Other movement-related brain areas are presumably also involved, but the details are not presently understood. Our interpretation of the present results is that the phase of the response selection process that is reºected in the early, stimulus-locked activity underlying the LRP constitutes at least one of the loci of the accessory stimulus effect. The results further suggest that only the initial phase of response selection (choosing the hand of response) was facilitated. If the decision regarding which ªnger to use had also been facilitated, the LRP-to-movement time interval should have been affected in some way. Further research will be needed to specify the cognitive correlates of the early, facilitated portion of the LRP and to determine whether earlier stages are also involved.
METHODS

Subjects
The participants were 32 young adults (mean age, 22 years) associated with the University of La Coruña. Thirty-one of the subjects were female and 28 were right-handed. All participants gave their informed, written consent prior to beginning the experiment.
Stimuli and Procedure
On each trial, a single letter S or T (1.5° high) was presented. For half of the participants, an S indicated that the left hand should be used if a response was required, whereas a T indicated the right hand. For the other 16 subjects, these assignments were reversed. Of the ªve possible colors in which the letter was displayed, there were two color-to-response assignment schemes. In the nine-choice condition for one group, red indicated that the response should be withheld, and yellow, blue, green, and violet indicated that the subject should respond with the second, third, fourth, or ªfth digits, respectively. For the other color-to-ªnger group, violet was the no-go color and blue, green, yellow, and red indicated the index, middle, ring, and small ªngers, respectively. For the three-choice condition, the no-go color stayed the same, but the four go colors were mapped to a single digit. This digit stayed the same in all of the three-choice blocks for a given subject, but it was counterbalanced across the four hand-letter/color-ªnger groups.
On a randomly chosen 50% of the trials in each block, an accessory stimulus was presented concurrently with the visual reaction stimulus. The acoustic stimulus was a 500 msec long, 1000-Hz tone that began 83 msec prior to letter onset. It was presented over a loud speaker located near the computer monitor. Although the tone was rather intense (85 dB SPL), it had a gradual rise and fall time (100 msec) and, therefore, was presumably nonstartling.
The reaction stimuli were presented without warning in eight blocks of 100 trials. For all subjects, the nineand three-choice conditions alternated across blocks. Prior to beginning the eight experimental blocks, subjects performed a practice series of 100 nine-choice trials and then 50 three-choice trials. During this practice series, the color assignments were displayed at the bottom of the screen. A similar instructional display was also given prior to the ªrst trial of each experimental block. The intertrial interval varied randomly from 2000 to 6000 msec. When the subject's reaction was incorrect, the word Error appeared on the screen.
Recordings and Data Analysis
Monopolar EEG recordings were obtained with tin electrodes positioned at F3, Fz, F4, C3, Cz,C4, P3, Pz, P4, O1, and O2, each referenced to A1 (bandpass, 0.01 to 30 Hz). Bipolar vertical and horizontal electrooculograms (EOGs) were recorded at the same bandpass. Surface EMGs were recorded at standard forearm ºexors sites (1 to 100 Hz) and were full-wave rectiªed prior to signal averaging. Electrode impedances were below 5Ω, but care was taken to avoid excessive abrasion. Digitization was carried out continuously at a rate of 250 Hz.
The epochs used to construct the stimulus-locked averages extended from 200 msec prior to letter onset until 1600 msec postonset. For computing the responselocked averages, the EEG epochs began 1200 msec prior to onset of the keypress and ended 600 msec later. Prior to signal averaging, epochs were deleted if the EEG exceeded 75 µV, if an overt error was detected, or on no-go trials, if appreciable forearm EMG activity was observed. Ocular and eyeblink contamination was removed from the EEG recordings using the method of Gratton, Coles, and Donchin (1983) . Lateralized readiness potentials were computed at frontal, central, and parietal sites following the method of Osman et al. (1992) . With this technique, greater activation at the contralateral motor cortex is graphed as an upward, positive deºection.
Trials were excluded from the reaction time analysis if the interval from letter onset to keypress was less than 150 msec, greater than 2000 msec, or involved the wrong key. Latency effects on electrophysiological measures were evaluated using the Miller, Patterson, and Ulrich (1998) jackknife test. This test achieves high sensitivity and low bias by directly analyzing the grand average waveforms. Its sampling distribution follows that of the Student t statistic.
